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Abstract
We investigate the halo bias in the case where the primordial curvature fluctu-
ations, Φ, are sourced from both a Gaussian random field and a Gaussian-squared
field, as Φ(x) = φ(x) +ψ(x)2 − 〈ψ(x)2〉, so-called ”ungaussiton model”. We employ
the peak-background split formula and find a new scale-dependence in the halo bias
induced from the Gaussian-squared field.
1 Introduction
Primordial non-Gaussianity has been attracting attention as a new probe of the physics
of the early Universe, e.g., inflation models. There are a lot of theoretical models of
predicting the primordial curvature fluctuations with the large non-Gaussian features and
several types of the primordial non-Gaussianity have been predicted (For recent reviews,
see e.g. Ref. [1]).
On the observational side, precise measurements of the cosmic microwave background
(CMB) anisotropies are ones of the most powerful tools to hunt for the primordial non-
Gaussianity (see e.g. Refs. [2, 3]). Current CMB data indicates that the primordial adi-
abatic fluctuations follow nearly perfect Gaussianity. However, there still remains the
possibility of detecting the non-Gaussianity in the future experiments such as Planck [4].
In the CMB experiments, the non-Gaussianity could be detected by non-zero higher order
correlation functions such as the three-point function (bispectrum) and the four-point one
(trispectrum).
Recently, the observations of the large-scale structure (LSS) of the Universe have been
also focused on as other powerful tools to detect the primordial non-Gaussianity just as the
CMB observations (see e.g. Refs. [5,6]). In particular, it is known that the primordial non-
Gaussianity induces the modification of the halo mass function for more massive objects at
higher redshift (see e.g. Refs. [7–9]) and also a scale-dependence of the halo bias (see e.g.
Refs. [10–12]). Since future surveys of the LSS will provide a large amount of samples of
galaxies over a huge volume, it is expected that the LSS observations would give a tighter
constraint on the primordial non-Gaussianity comparable to that obtained from the future
CMB observations [12].
In accordance with the recent progress of observations, we are invited to consider
the effect of the higher order non-Gaussianities, e.g., the non-zero four point correlation
function of the primordial fluctuations [13–23], or that of the primordial non-Gaussianity in
a multi-field inflationary model where the primordial fluctuations are sourced from multi-
field fluctuations [24,25]. Following these works, in this paper, we investigate the halo bias
in the case where the primordial adiabatic curvature fluctuations are given by [26, 27]
Φ(x) = φG(x) + ψG(x)
2 − 〈ψG(x)
2〉 , (1)
where 〈φψ〉 = 0. In Ref. [27], such a model has been dubbed ”ungaussiton” model. This
type of the non-Gaussianity can be realized in the case where the primordial fluctuations
are sourced from both the inflaton and the curvaton fluctuations and the curvaton stays
at the origin during inflation. In this case, due to the absence of the linear term of ψ the
non-zero bispectrum and trispectrum of the curvature perturbations respectively come
from the six- and eight-orders in ψ. Hence, this model predicts a specific consistency
relation between the bispectrum and the trispectrum which would be confirmed in the
CMB experiments and it should be interesting to examine the effect of such a primordial
non-Gaussianity on the LSS surveys, in particular, the scale-dependence of the halo bias.
In order to obtain an analytic expression for the halo bias, we employ the peak-background
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split formula [10, 12] which is a useful tool to calculate the halo bias with the local-type
non-Gaussianity.
This paper is organized as follows. In the next section, we briefly review the so-called
”ungaussiton” model and show the expression for the bispectrum and the trispectrum
of the primordial curvature fluctuations in this model and also the consistency relation
between the bispectrum and the trispectrum. In section 3, we give an expression for
the halo bias in this model by making use of the peak-background formula. Section 4 is
devoted to the summary and discussion.
2 Non-Gaussianity in the primordial bi- and tri-spectrum
in the ”ungaussiton” model
Here, we briefly review the so-called ”ungaussiton” model [26, 27] and show some inter-
esting consequence of this model by considering the bispectrum and the trispectrum of
the primordial curvature perturbations. This model can be realized in the case where the
primordial fluctuations are sourced from both the inflaton and the curvaton fluctuations
and the curvaton stays at the origin during inflation. In this model where the primordial
curvature fluctuations are given by Eq. (1), the power spectrum, the bispectrum and the
trispectrum of the primordial curvature fluctuations are respectively given by [26, 27]
〈Φ(k)Φ(k′)〉 = (2pi)3PΦ(k)δ
(3)(k+ k′) ,
PΦ(k) = Pφ(k)
[
1 + 4R2Pφ ln (kmaxL)
]
, (2)
〈Φ(k1)Φ(k2)Φ(k3)〉 = (2pi)
3BΦ(k1, k2, k3)δ
(3)(k1 + k2 + k3) ,
BΦ(k1, k2, k3) = 8R
3Pφ ln (kbL)
[
Pφ(k1)Pφ(k2)
+Pφ(k2)Pφ(k3) + Pφ(k3)Pφ(k1)
]
, (3)
and
〈Φ(k1)Φ(k2)Φ(k3)Φ(k4)〉c = (2pi)
3TΦ(k1, k2, k3, k4)δ
(3)(k1 + k2 + k3 + k4) ,
TΦ(k1, k2, k3, k4) = 16R
4Pφ ln (ktL)
×
[
Pφ(k1)Pφ(k2)Pφ(k13) + 11 perms.
]
, (4)
where L is the size of the box in which the fluctuations are observed, Pφ = k
3Pφ(k)/(2pi
2),
R = Pψ(k)/Pφ(k), kb = min{ki}, kt = min{kij, kℓ}, kij = |ki + kj | and a subscript, c,
denotes the connected part.
Since the current observations indicate that the primordial curvature fluctuations are
almost Gaussian, the power spectrum of Φ should not be dominated by the second term
in the bracket of the right hand side in Eq. (2) as
4R2Pφ ln (kmaxL) < 1 . (5)
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By making use of the non-linearity parameters defined as [26, 28, 29]
BΦ(k1, k2, k3) = 2fNL
[
Pφ(k1)Pφ(k2) + +Pφ(k2)Pφ(k3) + Pφ(k3)Pφ(k1)
]
TΦ(k1, k2, k3, k4) =
25
9
τNL
[
Pφ(k1)Pφ(k2)Pφ(k13) + 11 perms.
]
, (6)
we have
fNL = 4R
3Pφ ln(kbL) ,
25
9
τNL = 16R
4Pφ ln(ktL) . (7)
From these expressions, we find that the large non-linearity parameters can be realized
even under the condition given by Eq. (5) and we can obtain a relation between the
non-linearity parameters in this model, which is given by
τNL = α
(
6
5
fNL
)4/3(
3
5
)2/3
P
−1/3
φ
∼ 0.8× 103 × α
(
6
5
fNL
)4/3
, (8)
where α ≡ ln (ktL) / (ln (kbL))
4/3 is a coefficient of order unity and we have used Pφ ∼
PΦ ≃ 7.2× 10
−10. By using this relations, we can distinguish this model from the others
which predict the large non-Gaussianity and the other relations between the non-linearity
parameters fNL and τNL, in particular, the models which give the standard consistency
relation given by τNL = (6fNL/5)
2 for local-type non-Gaussianity.
3 Halo bias in peak-background split formalism
Here, following Refs. [10,12], we calculate the halo bias for the ”ungaussiton” model where
the primordial curvature perturbations are given by Eq. (1) in the context of the peak-
background split formalism.
In the non-Gaussian case, the large and small scale density fluctuations are not in-
dependent. Let us decompose the primordial curvature perturbations into the long- and
short-wavelength parts as
Φ(x) = φl(x) + φs(x) +
[
(ψl(x) + ψs(x))
2 − 〈ψl(x)
2〉 − 〈ψs(x)
2〉
]
= φl(x) + ψl(x)
2 − 〈ψl(x)
2〉
+φs(x) + 2ψl(x)ψs(x) + ψs(x)
2 − 〈ψs(x)
2〉 , (9)
where we have assumed 〈φ(x)ψ(x)〉 = 0 and the long- and short-wavelength parts are
uncorrelated. From this equation, we can obtain expressions for the long- and short-
wavelength modes of the density fields in Fourier space as
δl(k) =M(k)
[
φl(k) +
∫
d3p
(2pi)3
ψl(p)ψl(k− p)− (2pi)
3δ(3)(k)〈ψl(x)
2〉
]
, (10)
3
and
δs(k,x) =M(k) [φs(k) + 2ψl(x)ψs(k)] , (11)
with
M(k) =
2T (k)
3Ωm0H
2
0
, (12)
where we have neglected the contribution from the ψs(x)
2 term because it is known that
such a quadratic term does not affect the halo bias [12]. Here, T (k) is the matter transfer
function, Ωm0 is the present matter density parameter and H0 is the present Hubble
parameter. From this equation, we can find that the non-Gaussianity affects the rescaling
of the amplitude of the density fluctuations on small scales as
Pδs(x) = M(k)
2
[
Pφs + 4ψl(x)
2Pψs
]
= M(k)2
[
1 + 4Rψl(x)
2
]
Pφs , (13)
and hence a standard cosmological parameter, σ8, which denotes the rms of the linear
density field with 8h−1Mpc smoothing, depends on the position x as
σ8(x) ≈
[
1 + 2R
(
ψl(x)
2 − 〈ψl(x)
2〉
)]
σ8 . (14)
where we have introduced the 〈ψl(x)
2〉 term in order to achieve 〈σ8(x)〉 = σ8. Due to
the long-wavelength modes of the density fluctuations and also the above effect of the
primordial non-Gaussianity, the density of halos n(x) in a large box at position x deviates
from the mean density n¯. Following Refs. [12, 24, 25], n(x) is given by
n(x) = n¯ (1 + δl(x))
(
1 + δl(x)
∂ log n¯
∂δl
+ 2R
(
ψl(x)
2 − 〈ψl(x)
2〉
) ∂ log n¯
∂ log σ8
)
, (15)
where the (1 + δl) comes from transforming Lagrangian to Eulerian space. From this
equation, we can obtain the density fluctuations of halos, δh(x) ≡ (n(x)− n¯)/n¯, as
δh(x) ≈
(
1 +
∂ log n¯
∂δl
)
δl(x) + 2R
∂ log n¯
∂ log σ8
(
ψl(x)
2 − 〈ψl(x)
2〉
)
, (16)
where we have drop the second order terms of δl. In the Fourier space, we have
δh(k) = b0δ(k) + 2Rδc (b0 − 1)
[∫
d3p
(2pi)3
ψ(p)ψ(k− p)− (2pi)3δ(3)(k)〈ψ(x)2〉
]
, (17)
where [12, 25]
b0 ≡ 1 +
∂ log n¯
∂δl
, (18)
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and we have used
∂ log n¯
∂ log σ8
= δc
∂ log n¯
∂δl
, (19)
with δc being a critical density. The equation (17) is one of the main result of this paper.
However, defining the halo bias from this equation is somewhat ambiguous. Hence, let
us consider the cross power spectrum of the density fluctuations of halos and matter
fluctuations and also the power spectrum of the density fluctuations of halos. The cross
power spectrum is given by
〈δh(k)δ(k
′)〉 = (2pi)3Phδ(k)δ
(3)(k + k′) ,
Phδ(k) =
[
b0 + 8δc(b0 − 1)R
3Pφ ln(kmaxL)
]
Pδ(k)
=
[
b0 +
2βfNLδc(b0 − 1)
M(k)
]
Pδ(k) , (20)
where we have used Eq. (7) and β ≡ ln(kmaxL)/ ln(kbL). Once the halo bias is defined as
bh(k) ≡ Phδ(k)/Pδ(k), we can obtain the halo bias in the ”ungaussiton” model as
bh(k, z) = b0 +
2βfNLδc(b0 − 1)
M(k)D(z)
, (21)
where we have introduced the linear growth function, D(z). Since a parameter β is order of
unity, this expression is just corresponding to the one in the standard local-type primordial
non-Gaussianity case [12].
Let us consider the power spectrum of the density fluctuations of halos and it is given
by
〈δh(k)δh(k
′)〉 = (2pi)3Ph(k)δ
(3)(k+ k′) ,
Ph(k) =
[
b20 + 2b0
2βfNLδc(b0 − 1)
M(k)
+
γ(25τNL/9)δ
2
c (b0 − 1)
2
M(k)2
]
Pδ(k) , (22)
where we have used Eq. (7) and γ ≡ ln(kmaxL)/ ln(ktL). If the consistency relation between
fNL and τNL is given by τNL = 36f
2
NL/25 with the assumption that β = γ = 1, then
Ph(k)/Pδ(k) = bh(k)
2 is realized. It is well known that this result should be realized in the
standard local-type primordial non-Gaussianity case. However, since in the ”ungaussiton”
model the relation between fNL and τNL is given by Eq. (8), Ph(k)/Pδ(k) = bh(k)
2 can not
be realized any more. Instead, we find that in the ”ungaussiton” model we have
Ph(k)/Pδ(k) =
[
b20 + 4
βfNLb0(b0 − 1)δc
M(k)D(z)
+
25
9
× 0.8× 103
γ(6fNL/5)
4/3δ2c (b0 − 1)
2
M(k)2D(z)2
]
,(23)
where we have used the relation given by Eq. (8). Hence, it could be also possible to
distinguish the ”ungaussiton” model from the other models by making use of LSS surveys.
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Figure 1: Ph(k)/Pδ(k) as a function of k with b0 = 3.0 and fNL = 100 at z = 1.0. The solid
line is for the ”ungaussiton” model and the dashed line for the case where τNL = (6fNL/5)
2.
In Fig. 1, we plot Ph(k)/Pδ(k) as a function of k with fixing b0 = 3.0, fNL = 100 and
z = 1.0. The solid line is for the ”ungaussiton” model and the dashed line for the case
where the consistency relation between fNL and τNL is given by τNL = (6fNL/5)
2. From
this figure, we can find the enhancement of Ph(k)/Pδ(k) on large scales (k ∼ 0.01hMpc
−1)
in the ”ungaussiton” model compared with the case with τNL = (6fNL/5)
2.
4 Summary and discussion
The scale-dependence of the bias of halos has been recently focused on as a powerful
tool to give a constraint on the primordial non-Gaussianity from the LSS surveys. In
this paper, we investigate the halo bias in the ungaussiton model, which predicts the large
primordial non-Gaussianity induced from a Gaussian-squared field, by employing the peak-
background split formalism. This model can be realized in the case where the primordial
fluctuations are sourced from both the inflaton and the curvaton fluctuations and the
curvaton stays at the origin during inflation, and predicts the large non-Gaussianity and
the specific relation between the non-linearity parameters fNL and τNL.
We calculate not only the power spectrum of the density fluctuations of halos but also
the cross power spectrum of the matter density fluctuations and halo density fluctuations.
Then, we find that in the ungaussiton model the effect of the non-Gaussianity on the
halo bias, which appears in the power spectrum of the halo density fluctuations, differs
from that in the standard local-type non-Gaussianity case due to the different consistency
relation between fNL and τNL. As it is for the CMB observations, it is expected that the
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future LSS surveys will make us distinguish the model from the other models where the
large primordial non-Gaussianity can be predicted. It is also interesting work to check our
formula by performing the N-body numerical simulation.
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